Abstract: The Goldschmidt classification of elements into "lithophile", "chalcophile" and "siderophile" on the basis of geochemical preferences was devised to explain the distribution of elements through a differentiating planet, under conditions of high temperature, low bulk oxygen content and a range of pressures. Applying the concept to crustal materials is useful, if it is accepted that some elements classify very differently under low-temperature, high-oxygen conditions. A more nuanced, empirical ten-step scale of geochemical preferences has been constructed for educational use, as well as a thermochemically based quantification of preferences on the basis of two parameters which correspond respectively to "siderophile versus compound-forming" and "lithophile versus chalcophile". Attempting to reconcile the empirical scale with the thermochemical one reveals several interesting discrepancies which nevertheless can be rationalised, and some predictive character for new types of compounds which should be sought as minerals. Overall, "lithophile" corresponds to "hard acid" in the sense of Pearson, "siderophile" corresponds to "electronegative and soft", while "chalcophile" corresponds to "electropositive and soft".
Introduction
One of the greatest challenges in mineralogy is to understand why we observe the mineral species that we do and not others. The total number of compounds which occur as minerals is a lot less than the number of those that have been synthesised, although still large: ∼5300 species are known at present, and estimates for the total range from the very conservative figure of 6394 (Hazen et al., 2015a; Hystad et al., 2015) to 10 000 or more (Pring, 1995) . One of the follow-on questions that immediately arises is "why do some elements form many mineral species and others only a few?" The correlation between abundance of chemical element in the Earth's crust and the number of species formed has been contemplated by researchers since at least the time of Povarennykh (1966) , and such studies have recently extended to consider lunar material as well (Hazen et al., 2015b) . In a recent paper on this matter (Christy, 2015) , using a reproducible, rigorous strategy to exclude outliers, I showed that out of the 70 chemical elements that are essential constituents of mineral species, a set of 15 form far more species than would be expected from their abundance and the overall power-law trend. Conversely, while the most abundant elements O and Si form the largest absolute numbers of species, their respective species counts are entirely as expected from their high concentrations in the Earth's crust. Of the abnormally speciose elements, all except two (H and U) are traditionally regarded as "chalcophile" or "siderophile" elements in the geochemical classification of Goldschmidt (1937) . Therefore, they frequently occur as native metals or as sulfide ores that are smeltable at low temperatures, and it is not coincidental that out of the 14 chemical elements that were being used in relatively pure form before 1650 AD, ten are in this anomalously diverse group (S, Cu, As, Ag, Sb, Pt, Au, Hg, Pb and Bi); only C, Fe, Zn and Sn are not. Note that all these elements remain of considerable technological importance to this day. The connection between the utility, mineralogical diversity and non-lithophile status of these elements has prompted the current exploration of what is meant by Goldschmidt's tripartite classification of elements into "lithophile", "chalcophile" and "siderophile", and how a quantification of these preferences might contribute to understanding and modelling the diversity of minerals that they form.
Goldschmidt's original intention was to explain the partitioning of chemical elements into the compositionally distinct layers of a planet such as the Earth during its growth and differentiation. "Siderophile" elements preferentially concentrated into molten metal and were therefore segregated in the core of the planet. Conversely, "lithophile" elements partitioned into silicate melts, and hence into the silicate mantle and crust of the Earth. "Siderophile" elements concentrated preferentially into sulfide melts that were believed to give rise to a sulfiderich transition zone between core and mantle. Evidently, the most direct measures of these characteristics would be partitioning coefficients for distribution of elements between appropriate melts. Goldschmidt (1937) recognised that such values would be dependent on pressure (P),
